Abstract. Flooding management is an effective and environmental-friendly way to reduce weed populations in paddy fields. However, flooding would also cause waterlogging in direct seeding rice production. The present study was conducted to explore the effect of different water management methods at the germination stage on rice growth and yield, with six rice varieties as materials. 0, 1, 2, and 3 cm water layer treatments at germination stage were set and named as I0, I1, I2 and I3, respectively. The result showed that I1 and I2 treatments significantly reduced seedling rate and seedling quality compared to I0. The highest yield was recorded during I0, while the yield in the case of I3 treatment was lower than the former but higher than I1 and I2. Similar trends were also recorded in dry matter weight at heading stage and maturity stage.
Introduction
Rice (Oryza sativa L.), as one of the main stable food crops, feeds more than half of the world's population . Pan et al. (2016) demonstrated that more than 60% of the population live on rice in China while rice makes up 40% of the country's total grain. It is very important to maintain the rice productivity and improved the yield potential of rice in China.
In Chinese history, transplanted rice production system has been the main rice production modern for a very long time (CabangonTuong and Abdullah, 2002) . Traditionally, rice seedlings were transplanted in puddling condition. However, with the severe labor scarcity and low efficiency due to laborious nature of work and lower net returns, transplanted rice production system is becoming more and more unsuitable for Chinese agriculture (Tao et al., 2016) . Direct-seeded rice, as a substitutive rice growing technique, has the benefit to reduced production costs, labor and extra efforts for nursery raising, seedling uprooting and transplanting (Liu et al., 2015) . Pan et al. (2017) indicated that this new rice production system not only favors earlier crop establishments, but also provides an opportunity to make better use of early season rainfall, and finally leading towards increase the grain yield. Nevertheless, direct-seeded rice production system still has many parts no perfect enough.
Water management is an important part in rice production which could greatly affect rice yield and quality. The study of Kong et al. (2017) revealed that short term water management at filling stage was able to improve antioxidant enzyme activity and alleviate the damage from heat stress to rice. Ren et al. (2017) also demonstrated that feebly arid conditions (water potential of -(15 ± 5) kPa) at booting stage could increase 2-acetyl-1-pyrroline content in fragrant rice grains significantly. Normally, pre-germinated seeds would be hill-seeded in paddy filed in direct-seeded rice production system. The water management during the germination stage would be important for seedling growth and development. The research of Luo et al. (2018) showed that water layer higher than 4.5 cm would significantly inhibit the germination and seedling growth and decreased the antioxidant enzyme activity. However, there was no much report about the water management during the germination stage in direct-seeded rice production.
Therefore, present study was conducted in Experimental Research Farm, College of Agriculture, Yangtze University in order to investigate the effect of different water conditions at germination stage on rice growth and development.
Materials and methods

Seed materials
Seeds from six rice cultivars, Wandao107, Liangyou168, Fengliangyouxiang-1, Fengliangyou-2, Guofeng-1, Quanyou801 were used as the experimental materials in this pot experiment. Those rice varieties were all widely grown in Middle China.
Treatment description and growth conditions
Before sowing, the seeds were soaked in water for 24 h, germinated in manual climatic boxes for another 10 h (33 °C), then shade-dried. Then, seeds were direct-seeded into soil containing plastic pots (30 cm in height and 450 cm 2 in surface area) and 50 seeds for each pot in triplicate. The different water managements were applied after the sowing and sustained for 25 days. The water layer treatment description is as below:
I0: Maintenance of 0 cm water layer at soil surface throughout day and night. I1: Maintenance of 1 cm water layer at soil surface throughout day and night. I2: Maintenance of 2 cm water layer at soil surface throughout day and night. I3: Maintenance of 3 cm water layer at soil surface throughout day and night. 15 days after the sowing, the seedling rate was recorded and at 25 days after the sowing, twenty seedlings were collected randomly from each pot for the estimation of dry matter, seedling length, leaf surface area and chlorophyll content. Chlorophyll content was determined by using the SPAD meter 'SPAD-502' (Konica Minolta, Japan). Leaf area of all green leaf blades was measured with Li-Cor area meter (Li-Cor Model 3100, Lincoln, NE). Then, ten seedlings were retained for each pot and every pot in the experiment was remained at 3 cm water layer at soil surface until harvest. The experiment soil was sandy loam consisting 23.78 g/kg organic matter, 1.61 g/kg total nitrogen, 78.66 mg/kg available nitrogen, 0.87 g/kg total phosphorus, 21.79 mg/kg available phosphorus, 17.64 mg/kg total potassium, 151.09 mg/kg available potassium and 6.48 soil pH. The environment of climatic box were set as: 33 °C days and 27 °C nights, under 1200X yellow light intensity and 75% humidity. 
Determination of yield and yield related attributes
At maturity, twenty random rice plants were harvested and threshed manually and sun dried (adjusted to ~14% moisture contents) to get the grain yield per pot and expressed in grams per plant (g plant -1 ). Grains were separated manually from each panicle to count total number of grains and number of filled grains per panicle. To record 1000-grain weight, six random samples from filled grains were counted, weighed and averaged. Panicle number per pot was measured by counting the panicle numbers of each plant in three pots in each treatment and averaged.
Statistical analysis
This study was managed as a randomized complete block design with three replicates (n = 3). Data were analyzed on Statistix 8.1 (Analytical Software, Tallahassee, FL, USA) at the probability level of 5% (P < 0.05). Differences among means were separated by using least significant difference (LSD) test.
Results
Seedling rate
As shown in Table 1 , different water management affected seedling rate of different rice varieties differently. The highest seedling rate was recorded in I3 condition. Compared to other rice varieties, Wandao107 had the highest seedling rate which was 67.50%. The lowest seedling rate was recorded in I1 treatment while the seedling rate in Liangyou168 was lower than other rice varieties.
Seedling quality
There were some differences in seedling quality of different varieties under different water managements ( Table 2) . Compared to I0, I1 treatment significantly reduced leaf area and SPAD values while there was no remarkable difference among I0, I2 and I3 in leaf area and SPAD values. The highest plant height and shoot dry weight were both Du et 
Dry matter accumulation
As shown in Table 3 , different water managements at germination stage affected dry matter accumulation differently. At heading stage, the trend of leaf dry weight at heading stage was recorded as I0 > I3 > I2 > I1. Similar conditions were also observed in stem-sheath weight and grain weight. At maturity, the highest dry weight of leaf, stem-sheath and grain were all recorded in I0. There was no significant difference between I2 and I3 in stem-sheath dry weight and total dry weight. Moreover, the lowest dry matter weight was recorded in I1 at both heading stage and maturity. Means in the same column followed by different lower case letters for the same variety differ significantly at P < 0.05 by T-test, the same as below 
Matter transportation and contribution during the filling stage
As shown in Table 4 , different water managements during the germination stage affected the matter transportation during the filling stage differently. The leaf transportation rate in I0 was significantly higher than I2 and I3 which were 0.394, 0.374 and 0.372 while there was no significant difference among I0, I1, I2 and I3 in leaf contrition. The lowest stem-sheath transportation rate was recorded in I1 and there was no significant difference among I0, I2 and I3. Furthermore, the highest photosynthesis contribution rate was recorded in I1 and the lowest was recorded in I0.
Yield and related attributes
Different water management during the germination stage affected rice yield by regulating the yield related attributes ( Table 5 ). The highest yield was recorded in I0 treatment as well as panicle number, grain number, seed-setting rate and grain weight. Du There was no significant difference between I2 and I3 in yield, 1000-grain weight, seedsetting rate and grain number. Furthermore, I1 treatment had the lowest yield due to the lowest panicle number, grain number and 1000-grain weight. 
Correlation analysis
As showed in Table 6 , the rice yield had significant positive correlation with root length, leaf area, SPAD value and root dry weight of seedling. There also exited a significant positive correlation between panicle number and SPAD value of seedling. Furthermore, the dry matter weight of leaf, stem-sheath and grain at both heading stage and maturity had significant positive correlation with seedling quality (height, root length, leaf area, SPAD value, shoot dry weight and root dry weight). As shown in Table 7 , there exited a significant positive correlation between seedsetting rate and stem-sheath dry weight. Both panicle number and yield had significant positive correlation with dry weight of leaf, stem and grain. Moreover, there was a significant positive correlation between grain number and stem-sheath dry weight. 
Discussion
It is well known that water condition is one of the most important factors affecting the seed germination. Ismail et al. (2009) demonstrated water layer at 10 cm would greatly inhibit the germination and early seedling growth of rice. The study of Prakash et al. (2016) had evidenced that flooding treatments not only could significantly influenced the survival rate of rice seedling, but also was able to affect all the parameters of seedling quality such as shoot, root and total dry matter production. Present study also showed the similar conditions. Compared to I0, I1 treatment reduced the seedling rate significantly whilst there was no remarkable difference I0 and I3 in seedling rate. The possible reason might be the flooding stress at I3 level could stimulate the mechanisms which were associated with tolerance to flooding for some rice varieties (Zhang et al., 2017) . For example, the lowest seedling rates of both Wandao107 and Fengliangyouxiang-1 were recorded in I2 while there was no significant difference between I0 and I3. Furthermore, we noticed that there was no much significant difference between I0 and I3 in seedling quality. Some parameters (seedling height and shoot dry weight) in I3 were even higher than I0. It might because the 3 cm water layer conditions would also be suitable for early seedling growth. Similar discovery was reported by Fan et al. (2017) who demonstrated shallow water irrigation during the seedling stage could significant improved seedling quality of fragrant rice.
Seedling quality is one of the factors which could greatly affect the rice yield. Previous study had shown that different seedling age significantly affected yield and economics of hybrid rice by influencing the growth and chlorophyll content (Pramanik and Bera, 2013) . The study of Xia et al. (2000) revealed that magnetic treatment was able to up-regulate the rice yield by improving the seedling growth. Normally, it is generally recognized that good quality of rice seedling would be the base for high yield. Our study emphasized this point by showing the significant positive correlation between seedling quality and dry matter accumulation at heading stage and maturity while there exited a significant positive correlation between dry matter production and rice yield. Our founding was also consistent with previous study (Farooq et al., 2006) which stated that seedling establishment is a key part in rice production and good seedling quality could improve the potential of rice yield.
Furthermore, the highest yield was recorded in I0 and the yield in I3 treatment was lower than I0 but higher than I1 and I2. Luo et al. (2018) demonstrated that water layer higher than 3 cm would inhibit germination and growth of weed and volunteer rice. Thus, 3 cm water irrigation might be a management which is able to reduce the weed and volunteer without causing a great yield loss. 
Conclusion
Compared to I0, I1 and I2 treatments significantly reduced seedling rate, seedling quality and the grain yield. I3 treatment was lower than I0 but higher than I1 and I2. Similar trends were also recorded in dry matter weight at heading stage and maturity stage. Therefore, the 3 cm water irrigation might be considered as a management which is able to reduce the weed and volunteer without causing a great yield loss. More studies should be conducted at the field trials or at molecular level before the real application.
